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it Introduction @

= Theoretical calculation for t production available up to NNLO+NNLL (also for gg = tt):

Thec les + pdf) wm— .
o C‘::;%ﬁ%g é%ﬁ;%sé Collider |00t [pb]|scales [pb] | pdf [pb]
i , —— +0.110(1.5%) |+0.169(2.4%)
3 ATLAS and CMS, 7TeV Tevatron 7.164 | 0 500(2.8%) | —0.122(1.7%)
= CMS dilepton, 8TeV +4.4(2.6%) | +4.7(2.7%)
2250 LHC 7 TeV | 172.0 —5.8§3.4Z)§ —4.8E2.8Z>g
16.2(2.5% 16.2(2.5%
LHC 8 TeV | 245.8 —8.4(3.4%) | —6.4(2.6%)
200 +22.7(2.4%) | +16.2(1.7%)
LHC 14 TeV| 953.6 —33.9(3.6%) | —17.8(1.9%)
50 PP — tt+X @ NNLO+NNLL |
o 705 V ise: 2.2% (Tevatron), ~ 3% (LHC
| MSTW2008NNLO(68C) ery precise: 2.2% (Tevatron), ~ 3% (LHC)
6.5 7 7.5 8 8.5
Vs [TeV] [ Czakon, Fiedler, Mitov, arXiv:1303.6254 ]

= Public programs available to perform these calculations for specific parameter choice:
s HATHOR (v1.5) & exact NNLO tt cross section [ Aliev et al., arXiv:1007.1327 ]

« Top++ (v2.0) > exact NNLO and NNLO+NNLL resummed ft cross section gg;‘;:kmz“_’g;g;’]

= |n this talk we present reference cross sections at NNLO+NNLL for different
parameter choices and propose a common ATLAS-CMS reference recommendation

 scale, PDF and o, top-quark mass, centre-of-mass energy (Vs)
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» Results in this talk are presented using the Top++ (v2.0) program:

* NNLO with soft gluon resummation at NNLL
* My, = 172.5 GeV ; some results also given at my,(Tevatron) = 173.20 + 0.87 GeV

* scale: ug = ug = My,

= The choice of the m,,, value is only temporary (world-average m,,, is foreseen):

* Simulations are performed assuming my,, = 172.5 GeV

« Experimental parametrisation for the mass dependence of o(t)
is not (yet) available for all measurements

« Once available, the measured of(tt) can be corrected to the world-average
m,,, and compared to the corresponding prediction

Cross-checks at exact NNLO using HATHOR (v1.5) yielded differences at the

sub per-mille level

- Many thanks to Dennis Wendland (ATLAS, Humboldt University Berlin)
for the studies !
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* Proposal: consider restricted scale variation (used also by Czakon et al.):

vary ug , ug independently by a factor of 2 while never allowing them to differ
by more than a factor of 2 from each other

e Scale uncertainty defined by taking the envelope of the resulting

cross section values

« Example: MSTW2008NNLO PDF at 7 TeV (m,, = 172.5 GeV)

Central value

pr(m) | pr(my) o (pb)
0.5 0.5 177.233
0.5 1 172.372
1 0.5 177.921
1 1 176.228
1 2 170.241
2 1 180.791
2 2 178.747

Largest variations: ~3.5%

e Similar results obtained with CT10 NNLO or NNPDF2.3 NNLO PDF sets

M. Aldaya
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i PDF and ag uncertainty @

* Proposal: PDF4LHC-style treatment for joint PDF+oq uncertainty:

 Evaluate 68% CL PDF uncertainties at most similar available og
e CT10 NNLO(*), NNPDF2.3 NNLO with ag=0.118

 MSTW2008 NNLO at fitted value ag= 0.117
» Evaluate 68% CL aguncertainty

* MSTW2008 use MSTW prescription for 68% CL PDF+ag

e CT10 NNLO and NNPDF2.3 NNLO evaluate variation for £0.002 (90% CL),
reduce to 68% CL, and add in quadrature to 68% PDF uncertainty (**)

» Use envelope of PDF+ag uncertainties

= |llustrated for Vs = 7, 8, 13, 14 GeV in the following slides

(*) Scale down by factor 1.645 for 90% to 68%
(**) Not following NNPDF group recommendation for ag here
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i PDF and og uncertainty: 7 TeV

o-in7 TeV PP collisions (o(tt) central values for
190 HEBER It;tl | L I L I I T SeV.eraI PDF SetS
- | | I | | I | = in backup)
:a 185 ;_mtop =172.5 GeV _;
o - <«—=— 181.52 pb
=180 E
o) - O AY =
_y 175 — [ MSTW 2008 NNLO 68 CL .
] — O CT10 NNLO -
% 170 E_A NNPDF2.3 NNLO FFN 5F —E
+ 165 =Y PDF4LHC —
S 160 E_ HERAPDF 1.5 NNLO m < _:_ 160.65 pb
2 E B ABM115F as=0.118 E
z 155 1111 | 1111 | [ | I | | I | I | I | | | L1
PDF set as(Mz) o (pb), /s =7TeV
MSTW2008NNLO 68% | 0.11740.0014 176.237517
CT10 NNLO (@68%) 0.118 £0.0012 176.681 35
NNPDF2.3 NNLO (5f FFN) | 0.118 40.0012 176.961556
PDF4LHC (inc. ag) — 177.379 05

» Good agreement between different PDF sets (largest difference: ~10% ABM11)
» Dominated by CT10 PDF set uncertainties
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PDF and ag uncertainty: 8 TeV

Og in 8 TeV PP collisions

3270ElllII||||I||||||||||||||||||||||||||||
£ 265 = m,,, =172.5 GeV
E = —
5 260 =
- 255 = Al
] 250 -] MSTW 2008 NNLO 68 CL 0@ | |
2 —
Z 45 = O CT10NNLO
+ — A NNPDF2.3 NNLO FFN 5F
9 240 g_ﬁ PDF4LHC
2 235 = ©  HERAPDF 1.5 NNLO =
< 230 —M®  ABM11 5F o, =0.118
225_IIIl‘lIll|llll|llll|llll|llll|llllllll

Tllllllll\lllllllll|IIII|IIII|IIII|Il|l||lll_

CMS

S\ A

: T
NS |
A

s

PDF set as(Mz) o (pb), v/s = 8 TeV
MSTW2008NNLO 68% 0.11740.0014 251.66 71514
CT10 NNLO (@68%) 0.118 +0.0012 252.14%13°55

NNPDF2.3 NNLO (5f FFN) | 0.118 £0.0012 254.077995 |
PDF4LHC (inc. ag) — 252'891Lﬁ:§‘7-7

» Good agreement between different PDF sets (largest difference: ~10% ABM11)
» Dominated by CT10 PDF set uncertainties
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PDF and og uncertainty: 13 TeV

~ 880

O, in 13 TeV PP collisions

CMS

S\ A

: T
NS |
A

s

:l L I [ | L I L | L | L | L I I l:

re) = =

2 870 £y =172.5 Gev —

=860 = =

© 850 =

— A -

—1 840 =) msTw 2008 NNLO 68 CL =

% 830 =0 cTi10NNLO —

— L1O =

+ 820 =4 NNPDF2.3 NNLO FFN 5F =

9 810 =7 PDF4LHC =

Z 800 = HERAPDF 1.5 NNLO =

< 790 E-m  ABMI15F o=0.118 =

780 EI 111 I 1111 | 1111 I 1111 | 1 111 | L 111 | L 111 I 11| I:

PDF set as(Mz) o (pb), v/s = 13TeV

MSTW2008NNLO 68% 0.11740.0014 823.93757 59
CT10 NNLO (@68%) 0.118 +0.0012 823.4312¢17
NNPDF2.3 NNLO (5f FFN) | 0.118 +0.0012 843.51123-3
PDF4LHC (inc. as) — 831.77732.08

» Good agreement between different PDF sets (largest difference: ~10% ABM11)
» Some divergence between NNPDF, CT10, MSTW2008 start to appear

M. Aldaya
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i PDF and og uncertainty: 14 TeV @

Og in 14 TeV PP collisions

A1()30 III|Il|IIIIII|II|I|IIII|III||IIII||II
091020 | m,_=172.5 GeV
op
21010
51000 A
:II 990 | [ msSTW 2008 NNLO 68 CL !
= 980 O cTionnLO Ll
< 970 | A NNPDF2.3 NNLO FFN 5F
+ _
O 960 | v PDFaLHC
-l 950 HERAPDF 1.5 NNLO
pa B _
= 940 =W ABM115F 0=0.118 . -
930_IIlllllllllllllllllIllllIllll|llll|ll|I—
PDF set as(Mz) o (pb), /s =14TeV
MSTW2008NNLO 68% 0.117+0.0014 974.46" 375,
CT10 NNLO (@68%) 0.118 £0.0012 973. 51+32 51
59:02
NNPDF2.3 NNLO (5f FFN) | 0.118 4+0.0012 997.477% 27 75 |
PDFALHC (inc. ag) B 984.11730 95

» Good agreement between different PDF sets (largest difference: ~10% ABM11)
» Some divergence between NNPDF, CT10, MSTW2008 start to appear
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= The tt cross section has a strong dependence on my,,

o(me) = o (Mmuet) (”;tf)

4
m _mre m
1+a1(—t f)+a2( :
Myref

[ Czakon, Fiedler,

2
_mref) ] Mitov, arXiv:1303.6254 ]

MSTW2008 NNLO @ 7 TeV

IIIII|||||||||IlIlIlllllllllllllllllllllli
r S00 Hathor 1.5 NNLO =
oF 400 = — Top++ 2.0 NNLO+NNLL -
300 —
— m, = 172.5 GeV ”
200 [ —
100 — —
0 ;II||Illl|Illll]lIIllllllllllllllllllllll;
140 150 160 170 180 190 200 210
P trisati
;t E;rzr%eTgf/ai:mogackup) m, (GeV)

» Compare NNLO vs. NNLO+NNLL:

Good agreement within
scale uncertainties (bands)

= Proposed my,, variation
to quote cross section uncert:

+ 1.0 GeV

—> gives, for the cross section:

+5.44 pb _
e gb (for my,, = 172.5 GeV)

+5.32 pb

-5.14 pb (for my,, = 173.2 GeV)

Current combinations:
m,,,(Tevatron) = 173.20 £ 0.87 GeV

Myop(LHC) = 173.29 £ 0.95 GeV

M. Aldaya
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i Dependence of o(tt) on Vs
= Parametrisation of the dependence on Vs: [ Langenfeld et al., arXiv:0907.2527 |
01 = ag++/s [al + a3 ln (14\/T§eV) + a4 In? (14\/TiV)]+S [az + a5 In (14\’§eV) + ag In? (14\’feV)]
1000 :t L | L | I B | L L L L ‘I ¥4
900 = ~— | = Compare central PDF sets for
= _ = MSTW2008, CT10, NNPDF:
'3' = = - Good agreement for MSTW
o 700 = E and CT10 over the full range
oF 600 = "3 | - NNPDF gives higher
500 = = values at large Vs
400 E- — MSTW 2008 NNLO E
WE CT10 NNLO 3
200 E -- NNPDF2.3 5f NNLO-
100 il 111 | 1111 I 1111 I L 111 | | - I 1111 I 11 l_
7

§ 9 10 11 12 13 14
/s [TeV]

(See backup for results at 7 and 8 TeV, also for my,, = 173.2 GeV)
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 Total uncertainty = scale * PDF+0g, added in quadrature
* For search analyses, m,,, can be added in quadrature as well

Recommended o(tt) at m,, = 172.5 GeV

7TeV | 177.31%5:59 (scale) T3:36 (me) 1503 (PDF+as) pb.
8TeV | 252.897575s (scale) 735 (me) F1167 (PDF+as) pb.
13TeV | 831.77750:70 (scale) T3523 (me) T3208 (PDF+as) pb.
14 TeV | 984.1173322 (scale) 13575 (my) T30 s (PDF+ag) pb.

Recommended o(tt) at m,, = 173.2 GeV

7TeV | 173.6073352 (scale) 237 (m;) 1332 (PDF+as) pb
8 TeV 247.74152% (scale) T71% (my) T114% (PDF+ag) pb.
13 TOPLHCWG, 28.11.13
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= Compare 8 TeV value to reference from Czakon, Mangano, Mitov, Rojo arXiv:1303.7215(*):

Reference
(M, = 173.3 GeV) Central (pb) | Scale | PDF+ogq my,, Total
CMMR (CT10) 246.3 +6.4 +11.2 +7.4 +19.8 (+8.1%)
' -8.6 -9.6 71 - 20.5 (-8.3%)
This method 247 .0 +6.3 +11.4 +7.4 +15.0 (+6.0%)
' -8.5 -11.4 - 7.1 - 15.9 (-6.4%)

» CMMR: smaller central value, since not using PDF4LHC prescription
» CMMR: smaller PDF uncertainty, since not using PDF4LHC prescription
= CMMR: smaller ag variation + 0.0007

= CMMR: PDF+ag and m,, added in quadrature, then linearly to scale
(more conservative)

= |ndividual uncertainties in this method are more conservative than in CMMR,
but the combination is more aggressive

(*) Constraints on the gluon PDF from top quark pair production at hadron colliders

M. Aldaya 14 TOPLHCWG, 28.11.13
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Usi ng | e NNLO+NNLL (top++ 2.0), PDFALHC m__ = 172.5 GeV ——  stat. uncertainty

mtop =172.5 GeV I scale uncertainty . —+ tftal unienaiqty
. ) scale+PDF uncertainty o,; t(stat) £(syst) £(lumi)

as a temporary fix until ATLAS, I+jets ' 179+449+7pb L0710

experiments provide ATLAS, dilepton : 173+6° 1 *2pb L o7’

parametrisation for the ATLAS, all jets | : F | 167+18+78+6pb L 101"

mass dependence ATLAS combined : 177+377+7pb L 0710m"

CMS, |+jets 164+3+12+7pb L =08111"

New or updated CMS, dilepton 170+4+16+8pb L 111"

measurements, not CMS, 1,1t — . 149+24+26+9pb L =111’

included in current CMS, all jets I | © ! 136+20+40+8pb L =111’

LHC combination CMS combined 166+ 2+ 11+ 8pb L =08111"

LHC combined (Sep 2012) 173+ 2+ 8+6pb L, =07111"
Plan for future ATLAS, I+jets, b—>Xuv 165+2+17+3pb L =470’
combinations: ATLAS, 1, 186+ 13+20+7pb L =21
. ATLAS, 1. +ets I ® - i 194+18+46pb L,=1.7f"

- Provide LHC ATLAS, a';f?ets } s + i 168+12 0 +7pb L —a7n’
combination at 7 TeV CMS, I+jets - 158 +2+10+4pb L, 22280
Wlth updated reSUItS CMS, dilepton = 162+2+5+4pb L =23m"

CMS, 1,4+ —t——t 143+14+22+3pb L =221

- Combine 8 TeV CMS, 1, Hets ——t——— 152+ 12432+ 3 pb L3’

results as soon as CMS, |aII jets ! ——ri i 139+10+£26+3pb L =251

| | |
updated CMS
measurement is 50 100 150 200 250 300 350

released O [pb]

M. Aldaya 15 TOPLHCWG, 28.11.13
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Inclusive tt cross section [pb]

Y
o
N

-
o

o(tt) as a function of Vs

Illllllllllllllllllllllllllllllllll

Tevatron combination L = 8.8 fb™' . -
ATLAS dilepton L= 0.7 fo ' ATLAS+CMS Preliminary —

u

X
| |
m] CMS dilepton L= 2.3 fo'
. ATLAS lepton+jets L= 0.7 b’ mtop =172.5 GeV (temporarY)
O
‘.
<

CMS lepton+jets L= 2.3 fo”'
TOPLHCWG combination L= 1.1 fbo™'
ATLAS dilepton L=20.3 "'
— O CMS dilepton L= 2.4 fo”'

— ® ATLAS lepton+jets L= 58"
CMS lepton+jets L = 2.8 fo.;

——— NNLO+NNLL (pp) i . . )
—— NNLO+NNLL (pP) 100 7 8
Czakon, Fiedler, Mitov, PRL 110 (2013) 252004

2 3 4 S 6 7 8 9

\/s [TeV]
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iti Summary |

= Predictions for o(tt) have been prepared using Top++ in a common
ATLAS-CMS effort

* Results from running Top++(v2.0) were cross-checked by both ATLAS & CMS,
obtaining identical results in all cases where direct comparison was made

= Central values with NNLO PDFs and their associated uncertainties
have been calculated

= A combined reference value, using a PDF4LHC procedure for PDF and og
uncertainties, restricted scale variation and providing an associated m,,,
uncertainty is now ready for use at 7 and 8 TeV

= Parametrisations vs. m, allow this result to be quoted at any
(reasonable) top mass

= We propose that these results be used to provide a common reference cross
section for tt production to be used by ATLAS & CMS collaborations

* The results will be documented on a TOPLHCWG twiki, including information
to ensure correct referencing of the theoretical work

M. Aldaya 17 TOPLHCWG, 28.11.13
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Central NNLO+NNLL cross section values for different PDF sets:

PDF set as(Mz) | o (pb), /s =TTeV
ABMI1 [17] 0.1134 139.23
ABMI2 [18] 0.1132 140.571
ATLAS-epWZ12 [19] 0.1176 171.52
CT10 NNLO 0.118 176.68
HERA1.5 NNLO [20] 0.1176 181.52
JRO9 VFN [21] 0.112 175.05
MSTW2008 NNLO 0.117 176.23
MSTW2008 CPdeut NNLO [22] 0.117 174.66
NNPDF2.3 NNLO (5f FFN) 0.118 176.96

[17] S. Alekhin, J. Blumlein, and S. Moch, Phys.Rev. D86 (2012) 054009,
arXiv:1202.2281 [hep-ph].

[18] S. Alekhin, J. Bluemlein, and S. Moch, arXiv:1310.3059 [hep—-ph].

[19] ATLAS Collaboration Collaboration, G. Aad et al., Phys.Rev.Lett. 109
(2012) 012001, arXiv:1203.4051 [hep-ex].

[20] ZEUS Collaboration, H1 Collaboration Collaboration, A. Cooper-Sarkar,
PoS EPS-HEP2011 (2011) 320, arXiv:1112.2107 [hep-ph].

[21] P. Jimenez-Delgado and E. Reya, Phys.Rev. D79 (2009) 074023,
arXiv:0810.4274 [hep-ph].
P. Jimenez-Delgado and E. Reya, Phys.Rev. D80 (2009) 114011,
arXiv:0909.1711 [hep-ph].

[22] A. Martin, A. T. Mathijssen, W. Stirling, R. Thorne, B. Watt, et al.,
Eur.Phys.J. C73 (2013) 2318, arXiv:1211.1215 [hep-phl.
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i PDF and og uncertainty: 7 TeV

Og in7 TeV PP collisions

230

El I I [ | [ I | | [ I [ | L I I lE

220 -

o) = =

2 210 & —

b'z 200 =" msTW 2008 NNLO 68 CL —

-1 190 FO CT10NNLO =

EI 180 ;_A NNPDF2.3 NNLO FFN 5F I I _§

2z ~ ¥V PDFALHC [:3 | T =

6 170 — ©  HERAPDF 1.5 NNLO =

EI 160 == ABM115F ag=0.118 " =

z 150 :I 11| | I l L 111 I 1111 I 1 111 I | I L 11| | L1 I:

PDF set as(Mz) o (pb), /s =T7TeV

MSTW2008NNLO 68% | 0.11740.0014 176.237517
CT10 NNLO (@68%) 0.118 £0.0012 176.681 35
NNPDF2.3 NNLO (5f FEN) | 0.118 +0.0012 176.9615-3¢
PDF4LHC (inc. ag) — 177.379 05

» Good agreement between different PDF sets (largest difference: ~10% ABM11)
» Dominated by CT10 PDF set uncertainties
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Scale dependence at different orders @

= Reference: Czakon et al., arXiv:1305.3892

350 NNLO (scales) mmms ' Scale variation
NLO (scales) 280
300 } LO (scales) -
ATLAS+CMS, 7TeV —a— 1 X
250 | ATLAS, 7TeV —— a0 2 240 | LO . i [ [ f o
CMS, 8TeV —— i KO N ¢ LL NNLL
e’ PR ~
AR "'0'_%; Q \ % 200 b Ll I
150 | e \\ 5
5 180 | F‘ix:lcz grder — | ]
100 ¢ ndep. variation l A +res —— | |
PP — tt+X: m, "2173.3 GeV 160 NNLO+res ———
50 MSTW2008(68¢.1.) LB; NLO; NNLO 140 b
6.5 5 75 3 8.5 LHC 8 TeV; m;,,=173.3 GeV; A=0
: : . 120 MSTW2008 LO; NLO; NNLO

Vs [TeV]
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Mass dependence (m = 172.5 GeV) -7 Te\@g.
PDF set myet (GeV) | o(myet) (pb) ay as
MSTW2008NNLO 68% (Upper PDF) 172.5 184.399 -1.20104 | 0.861453
MSTW2008NNLO 68% (Upper Scale) 172.5 180.791 -1.22023 | 0.856356
MSTW2008NNLO 68% (Central) 172.5 176.227 -1.21489 | 0.874646
MSTW2008NNLO 68% (Lower Scale) 172.5 170.241 -1.19952 | 0.827074
MSTW2008NNLO 68% (Lower PDF) 172.5 168.295 -1.24635 | 0.323325
CT10 NNLO (@68%) (Upper PDF) 172.5 186.312 -1.17041 | 0.877029
CT10 NNLO (@68%) (Central) 172.5 176.680 -1.21135 | 0.751272
CT10 NNLO (@68%) (Lower PDF) 172.5 168.295 -1.24635 | 0.323325
NNPDF2.3 NNLO (5f FFN) (Upper PDF) 172.5 182.215 -1.24172 | 0.855243
NNPDF2.3 NNLO (5f FFN) (Central) 172.5 176.956 | -1.26738 | 0.891085
NNPDF2.3 NNLO (5f FFN) (Lower PDF) 172.5 171.697 | -1.29460 | 0.929122
M. Aldaya 22 TOPLHCWG, 28.11.13
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Mass dependence (m = 172.5 GeV) - 8 Te\@g.
PDF set Myt (GeV) | o(myer) (Pb) aq as
MSTW2008NNLO 68% (Upper PDF) 172.5 262.696 -1.08108 | 0.706000
MSTW2008NNLO 68% (Upper Scale) 172.5 258.051 -1.09749 | 0.716215
MSTW2008NNLO 68% (Central) 172.5 252.143 -1.08952 | 0.809901
MSTW2008NNLO 68% (Lower Scale) 172.5 243.020 -1.07738 | 0.654935
MSTW2008NNLO 68% (Lower PDF) 172.5 241.468 -1.10559 | 0.732067
CT10 NNLO (@68%) (Upper PDF) 172.5 264.575 -1.05535 | 0.341195
CT10 NNLO (@68%) (Central) 172.5 252.143 -1.08952 | 0.809901
CT10 NNLO (@68%) (Lower PDF) 172.5 241.226 -1.11977 | 0.797665
NNPDF2.3 NNLO (5f FFN) (Upper PDF) 172.5 260.790 -1.11666 | 0.700475
NNPDF2.3 NNLO (5f FFN) (Central) 172.5 254.069 | -1.13972 | 0.727908
NNPDF2.3 NNLO (5f FFN) (Lower PDF) 172.5 247.348 | -1.16404 | 0.756831
M. Aldaya 23 TOPLHCWG, 28.11.13
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Mass dependence (m,; =172.5 GeV) -8 Te\@g

g 102 i
E 1.015 ;_ /s=8 GeV _;
£ 101 5 s —
= 1.005 & =
TR Y — P i
i 0.995 =+ MSTW 2008 — MSTW 2008 (Param.) —
S 099 - cTi0 ---CT10 (Param.) =

0985 — + NNPDF2.3 - NNPDF2.3 (Param.) —

008 Eolii il 1T

170 171 172 173 174 175
m,,, [GeV]
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i Vs dependence (m, = 172.5 GeV)
| Variation ao a1 az a3 a4 as as
MSTW2008NNLO 68%
+ PDF -18.80 | 0.00398389 | 4.95967x10° | -0.00482021 | 0.00193168 | 1.62628x10~° | -1.79909%x10~°
+ Scale -19.76 | 0.00392783 | 4.91380x107° | -0.00454488 | 0.00213225 | 1.64519%x10~°% | -1.74334x10°°
Central -19.28 | 0.00407370 | 4.78034x107° | -0.00491610 | 0.00193429 | 1.65770x10~° | -1.75344x10°°
— Scale -18.69 | 0.00372065 | 4.62761x107° | -0.00429468 | 0.00201460 | 1.55236x10~° | -1.64551x10~°
— PDF -19.45 | 0.00402450 | 4.62610x10~° | -0.00490523 | 0.00192739 | 1.68838x10~° | -1.68330x10~°
CT10 NNLO (@68%)
+ PDF -17.39 | 0.00362820 | 4.96189x10~° | -0.00443341 | 0.00185404 | 1.50363x10~° | -1.76287x10~°
Central -19.30 | 0.00410105 | 4.77232x107° | -0.00495292 | 0.00194119 | 1.62089%x10~°® | -1.78803x10~°
— PDF -20.81 | 0.00457705 | 4.59383x107° | -0.00535759 | 0.00199018 | 1.72091x10~°® | -1.79453x10~°
NNPDF2.3 NNLO (5 FEN)
+ PDF -44.30 | -0.0256241 | 7.29534x10~° | -0.00434345 | 0.00762476 | -5.72878x10~ " | -6.80907x 10~ "
Central -45.75 | -0.0256303 | 7.16572x107% | -0.00458430 | 0.00774642 | -5.50412x10~7 | -6.72349x10~"
— PDF -46.54 | -0.0253236 | 7.00456x107° | -0.00474690 | 0.00776910 | -4.78635x10~7 | -6.46907x 10"
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it Vs dependence (m, = 173.2 GeV) @
Variation ao a as as Qs as ag
MSTW2008NNLO 68%
+ PDF -18.57 | 0.00385085 | 4.87119x10~° | -0.00473736 | 0.00191442 | 1.60497x10~° | -1.75922x10~°
+ Scale | -19.59 | 0.00371280 | 4.83381x10~° | -0.00443529 | 0.00213516 | 1.61919x10~° | -1.69621x10°
Central -19.07 | 0.00392072 | 4.69773x107° | -0.00482777 | 0.00192138 | 1.63695x10~°% | -1.71155x10~©
— Scale | -18.52 | 0.00351355 | 4.55303x10~° | -0.00418933 | 0.00201730 | 1.52798x10~°% | -1.60045%x10~°
— PDF -19.22 | 0.00386881 | 4.54640x10° | -0.00481344 | 0.00191358 | 1.66656x10~° | -1.64183x10~°
CT10 NNLO (@68%)
+ PDF -17.22 | 0.00353537 | 4.87221x10~° [ -0.00439071 | 0.00183139 | 1.48953x10° % [ -1.72819x10° % |
Central -19.06 | 0.00402416 | 4.68395x10~° | -0.00490402 | 0.00190975 | 1.60719x10~°¢ | -1.75313x10~¢
— PDF -20.55 | 0.00451036 | 4.50708x10~° | -0.00528626 | 0.00196010 | 1.70551x10~¢ | -1.75876x10~°
NNPDF2.3 NNLO (5f FFN)
+ PDF -43.43 | -0.0251342 | 7.15922x10~° | -0.00424718 | 0.00747672 | -5.39449%10~ " | -6.55703x 10"
Central -44.61 | -0.0250416 | 7.02474x10°°% | -0.00445204 | 0.00756176 | -5.04876x10~ " | -6.42961%x10~"
— PDF -45.55 | -0.0248067 | 6.87071x107° | -0.00463549 | 0.00760642 | -4.44076x10~" | -6.21333x10~"
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= Parametrisation of the dependence on Vs:

i Dependence of o(tt) on Vs

@ CMS

[ Langenfeld et al., arXiv:0907.2527 ]
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= Compare central PDF sets for
MSTW2008, CT10, NNPDF:

- Good agreement for MSTW
and CT10 over the full range

- NNPDF gives higher
values at large Vs
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Dependence of o(tt) on Vs

CMS
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